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RATIO OF SEVEN- TO SIX-MEMBERED RING SULFONES IN THE 

CYCLIZATION OF A SULFONYL CARBENE 
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The ratio of 7- to 6-membered ring intramolecular cyclization 

product increases with decreasing solvent polarity in the (C6F5Cu)4 

catalyzed decomposition of and with increasing temperature in 

the uncatalyzed decompositions. Possible explanations are discussed. 

To account for the dependence of the ratio of 2:z  upon solvent polarity 

in the thermolysis of biphenyl-2-sulfonyldiazomethane (4) we proposed 

a transition state 2 in which bond formation between the carbene and the 
two ring carbon atoms had proceeded to different extents.' We now report 

the effect of solvent polarity on the catalyzed low temperature decomposition 

of 4 and a striking temperature effect on the 2:z ratio from the free 
carbene, which shed further light upon the mechanism of the intramolecular 

cyclization. 

Smooth decomposition of $ at room temperature was achieved using 

catalytic amounts of (C6F5C~)4. Change in the solvent polarity (CHC13 - 
C6H12) has a marked effect upon the 3:2 ratio. As the weight % of the 

", ". 
non-polar solvent increases from 0 to 100% in the mixture the 2:z ratio 

changes from 1.6 to 5.8. The total yield 2 + 2 remains relatively constant 
(53-58%). This is not only a mechanistically, but also a preparatively, 

useful observation. No intermolecular insertion into solvent by the carhenoid 

intermediate was observed; the ethylene 2 was obtained, but its formation 

was completely suppressed by the addition of piperyleneP2 while the 2:z 

-59 5- 



ratio was unchanged in the presence of piperylene. This confirms that dimer 

2 probably arises from the and supports an unsymmetrical transition 

state leading to 2. 

The triphenylphosphazene (6) ,4 mp 173', was pepared from ,& and Ph 3 P 

and was used as a source5 of the sulfonylcarbene at temperatures above 

the normal decomposition temperature of ,&. This permitted a study of the 

variation in the 2:2 ratio from 2 in cyclohexane between 135-180' (Table). 

Appreciable amounts of cyclohexane insertion poduct (x) were obtained as well. 

T- Variation with temperature in product ratio from 

Reaction % Yields 
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I t  i s  c l e a r  t h a t ,  wi th  increas ing temperature,  the  abso lu te  y i e l d s  of 

2 and x remain approximately constant  b u t  t h a t  of 2 i nc reases  appreciably.  

A l t e rna t ive ly ,  t h e  rezat ive y i e l d  of 2 may be  viewed a s  going up from 56.9 

t o  69.6% while those  of 2 and qo down from 12.4 t o  8.4% and 30.6 t o  22.0%, 

respect ively .  The r a t i o  of seven- t o  six-membered r i n g  c y c l i z a t i o n  product 

almost doubles wi th  a 45' i nc rease  i n  temperature.6 Both 2 and 2 are s t a b l e  

under t h e  r eac t ion  condi t ions  and a t  180' i n  t h e  presence of Ph3P. Unlike 

7 
N-sulfonylazepines 2 does no t  rearrange thermally t o  5 a t  300' f o r  1 hr .  

and t h e  absence of t h i s  £=$ in terconvers ion provides a key t o  poss ib le  

explanat ions  of tne  r e s u l t s .  

Of these ,  two can be  r e t a ined  f o r  f u r t h e r  d iscuss ion.  The dimer and 

su l fona te  e s t e r1  a r e  products  of t r i p l e t  carbene react ions .  The i n t e r -  

molecular i n s e r t i o n  product i n t o  cyclohexane ( )  and in t ramolecular  c y c l i z a t i o n  

products  a r e  s i n g l e t  carbene ( o r  carbenoid i n  t h e  ca ta lyzed decompositions) 

products.  To iccount  f o r  t h e  temperature e f f e c t  one could p o s t u l a t e  t h a t  

two d i f f e r e n t  s i n g l e t  carbene s t a t e s  a r e  involved: the  cyclohexane i n s e r t i o n  

( 2 )  and six-membered c y c l i z a t i o n  (5) products could a r i s e  from an S s t a t e ,  
0 

while t h e  cyclohepta t r iene  (2) could a r i s e  from an S carbene (or  thermally 1 

exc i t ed  l i n e a r  S carbene) via a norcaradiene intermediate.  S carbenes 
0 0 

a r e  thought .to add v ia  an unsymmetrical t r a n s i t i o n  s t a t e  t o  o l e f i n i c  double 

8 
bonds; t h i s  would be s i m i l a r  t o  our  previously  p o s t u l a t e d  T.S. $ which 

could r e a d i l y  open up t o  2 v ia  t h e  d i p o l a r  o-complex. On t h e  o t h e r  hand, 
2. 

s o r  l i n e a r  so methylene is pred ic t ed  t o  add v ia  a symmetric '7.5. t o  e thylene ,  
9 

1 

and such a T.S. would transform smoothly e i t h e r  t o  t h e  norcaradiene in termedia te  

o r  d i r e c t l y ,  i n  a concerted bond-forming ring-expansion process ,  t o  t h e  

cyclohepta t r iene  (J) ,  a process  t h a t  would be favoured by entropy considera t ions .  

Raising t h e  temperature would inc rease  t h e  population of S carbenel0 and 
1 

14 
hence 2 r e l a t i v e  t o  2. 



A s impler  explanation would be t h a t  z,? and 2 a l l  a r i s e  from t h e  S 
0 

s i n g l e t  carbene by competing i n t r a -  and in termolecular  pathways. Formation 

of 2 would be favoured a t  t h e  higher temperatures,  provided 2 and 2 were 

formed irreversibZy ( z S 2  does not  o b t a i n  a s  shown e a r l i e r )  from a common 

t . 
norcaradiene in termedia te  (e) ,  and AH3 is  higher  t h a t   AH:.^^ This is depicted 

% % 
1,17 . 

i n  the Scheme. Preliminary r e s u l t s  wl th  t h e  4'-bromo- and 4 ' -n i t ro-  

de r iva t ives  of support  t h e  above conclusions. 
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